Spleen cells from mice were examined at 5, 10, 15, 20 and 25 days post-infection (dpi) with Dermatobia hominis larva and at 5, 10, 15, 30 and 60 days post-larval emergence (dple). Cell proliferation in vitro assays were carried out with RPMI-1640 medium and larval secretory product (LSP) of D. hominis at 5, 10, 15, 20 and 25 days. When each group of mice was tested against each medium, significance was only seen for 25 dpi, with increasing order: LSP-10 d, -25 d, -5 d, -20 d, -15 d and RPMI. Significant results were also observed when each medium was tested against mice at each dpi or dple. Each dple group vs. each medium produced significant results only for 10 dple, with increasing order: LSP-5 d, -20 d, -25 d, -10 d, -15 d and RPMI. Comparative tests were also carried out between groups to refine certain observations. The LSPs were also analyzed using SDS-PAGE. The results prove that myiasis caused depletion of spleen cells, particularly under the effect of the LSP-10 and -15, but the cells tended to increase up to 60 dple. This in vitro assay may represent the real systemic immune response in the relationship LSP-D. hominis-host.
INTRODUCTION
Cutaneous obligatory myiasis by the human bot fly Dermatobia hominis (L. Jr.) larva is a Neotropical zoonotic disease that produces severe economic losses to livestock production and also has public health importance 11 . The developmental cycle of D. hominis is unusual in that adults are aphagous, mated females capturing and depositing their eggs on several species of flies, including Musca domestica and Stomoxys calcitrans. After about a week, when the phoretic host feeds or lands on a mammalian host, the bot fly larvae hatch and immediately penetrate the animal's skin. Although the pathological and immunological aspects of human bot fly myiasis have been little studied under field conditions 6, 26 , mice have proved to be a suitable laboratory model for the relationship between D. hominis and its hosts 5, 13, 18, 21 . The response of mouse spleen cells during and after infection by larvae of D. hominis is described here.
MATERIAL AND METHODS
Animal infection: Each animal from 10 groups of six male Swiss mice (20-25g) was submitted to skin infection with one newly hatched larva of D. hominis reared in our laboratory 9 . The mice were sacrificed and spleens obtained from groups 1-5 at 5, 10, 15, 20 and 25 days-postinfection (dpi), respectively. Spleens from groups 6-10 were collected at 5, 10, 15, 30 and 60 days post-larval-emergence (dple) respectively.
Spleens from corresponding negative control 11 th group (without infection = 0 dpi) were also examined.
Larval secretory product (LSP):
Five groups with five male adult Wistar rats (190-220g) were infested with four newly hatched larvae of D. hominis and sacrificed at 5, 10, 15, 20 and 25 dpi to collect the larvae from the skin tissues 9 . Larvae at each infested date were washed three times with RPMI-1640 medium (Sigma) and conditioned in Falcon tubes with 2 mL of RPMI for incubation at 37 ºC in a 5% CO 2 
Concentration and electrophoreses of LSP:
Protein concentration of the LSP was determined using the Bradford (1976) technique and subjected to continuous electrophoresis using 10% SDS polyacrylamide gels, under reducing conditions 14 . The protein concentration used to electrophoresis was of 50 µg/LPG µL. The separated proteins were stained with Coomassie blue.
In vitro spleen proliferation response: Spleens of each group (1-11) rats were washed three times with RPMI, macerated, immersed in 20 mL RPMI, filtered and the filtrate centrifuged at 1400 RPM for 10 min.
Erythrocytes were lysed by re-suspending the pellet in 300 µL Trisammonium chlorite plus 30 mL MEM (minimum essential medium eagle, Sigma) and washing with the same solution. The spleen cells were suspended in 20 mL of RPMI, diluted in 10 mL Tweck solution and counted under a Neubauer camera. Cell proliferation assays (in triplicate) were done in response to RPMI and LSP at 5 d, 10 6 ) were cultured in 200 µL culture medium in 96-well flat-bottom plates. Except for the control group, 25 µg/mL of LSP was introduced in the culture medium in each plate and incubated at 37 ºC in a CO 2 incubator for 5 d. At 18 h before the final incubation, 0.5 µCi of titrated thymidine (specific activity, 37 Ci/mL; New England Nuclear, Boston, MA, USA) was added to each well. Cells were harvested onto glass fiber paper and the incorporated radioactivity was measured by a liquid scintillation β-counter. The results were expressed as mean ± S.E. of c.p.m. values.
Statistical analyses:
The results of the blastogenesis were analyzed by non-parametric methods (GraphicPad Prism 4.03 software) by comparison among all groups (Kruskal-Wallis test) and between pairs of groups (Mann-Whitney U test) using independent variables. The data are represented in box and whisker plots, the middle line corresponding to the median and the lower and upper line representing the 25 and 75 percentiles, respectively (50% of the data fall within the box, and 25% each above the below). The whiskers above and below the box plot indicate 95% and 5% percentiles, respectively. Values were considered significant at p < 0.05.
RESULTS

Animal infection:
The L 1 of D. hominis changed to L 2 at six dpi, the L 3 moulted at 16 dpi and the mature warbles escaped from the host around 30 dpi. A scar formed on the skin of each mouse 7-10 days later. In the laboratory L 3 left the experimentally infested mice and pupated, resulting in fertile adult D. hominis. Table 1 . Table 2 .
In vitro spleen cell proliferation from infested mice:
Concentration and electrophoreses of LSP:
Separation of LSP molecules by SDS-PAGE revealed multiple protein bands (Fig. 8) , their molecular weights ranging from 12-50 kDa. Major stained protein bands of 12-25 kDa were seen in all larval stages.
DISCUSSION
The metamorphosis of D. hominis inside mammalian skin occurs below the point of L 1 penetration, in deep dermis 21 . This contrasts with other oestrid species, e.g. rodent bot fly (Cuterebra) and cattle bot fly (Hypoderma) where the L 1 migrate within the host skin before the second and third instars fix in the cutaneous tissues to form the mature warble 16, 24, 25 . The multi-host parasitism exhibited by D. hominis also differs from the host specificity seen in other bot flies. There is usually a balance between the host and the three larval stages 6 . Preliminary studies have demonstrated that bot burden, instar type, infection or re-infection can regulate the host's inflammatory process as well as its humoral and cellular immune responses 4, 6, 7, 17, 20 .
As soon as D. hominis L 1 invades the host's skin, cellular and molecular changes occur in response to the mechanical presence of the larval stage as well as its secretory products. A chronological recruitment of the cells to skin lesions has been studied during and after infection in rats 21, 22 . Cellular or humoral responses against human bot fly myiasis using rabbits, cattle and mice were recently re-examined 17 . However, cytological tissue changes (or damage) in warble-infested skin has been poorly studied under natural or controlled conditions. Circulating leucocytes in hosts with D. hominis myiasis are reported in cattle 1, 8 and rats 10 . Except for observations of alterations in response to migration of the L 1 of Cuterebra and Hypoderma, there have been few studies of the host cellular pathways in skin myiasis 6, 26 .
Oestrid LSP has been most studied in H. lineaum L 1 midgut, from which enzymes (hypodermins) with immune regulation properties were isolated. Both hypodermin (trypsins) A and B 15,28 deplete complement cytolytic activity 2, 3 , B also reducing leukocyte and lymphocyte blastogenesis, as well as the production of interleukin-2 and prostaglandin 19 . Although molecules from D. hominis LSP have not been identified, our results confirm that cellular suppression occurs in mice with human bot fly myiasis. Based on the results of studies using crude extracts of D. hominis L 2 and L 3 , it has been suggested that serine- proteases occur in such larvae 23 . Our data reveal a reduction in spleen cell numbers during D. hominis myiasis.
Assays with each dpi vs. each medium revealed that significant reductions only occurred at 25 dpi and that RPMI and LSP-15d produced most cell proliferation, followed by LSP-20 d. The immunosuppressive effect of the larvae could be switched off at 15d, when the L 2 molts to L 3 . Based on the other analysis (U test), mice have more spleen cells at 15 dpi on LSP-15d than on other media, and more on LSP-10 d than LSP-20 or -25d. When the reciprocal tests were carried out, i.e. each medium vs. each dpi, spleen cell suppression was also seen at the end of the infection. In this case more cells also found at -15 dpi, indicating similar significance with RPMI, LSP-5d and -10 d (Table 2) .
Among control and dple mice vs. each medium the unique significant result at 10 dple indicates that RPMI and LSP-15 d have similar effects on spleen cell numbers, producing more cells than all the other assays. Otherwise, irrespective of the medium used vs. dple the lowest cell numbers in mice occurred at 30 dple. However, at 60 dple mice usually have more cells than in other assays. If 60 dple mice are compared with control group (uninfested mice) there is equalization between them. 3 , and an unidentified molecule of 50 kDa also seen in both instars 23 . Further studies of D. hominis LSP are in progress in our laboratory, which should provide new information on human bot fly myiasis. 
RESUMO
